than the percentage of hotspot of MDR-TB prevalence set by the WHO (3%, an indicator for implementation of DOTS (Directly Observed Treatment, Short Course)-Plus programmes) which was also found highest in the central part of Thailand while the northern part of Thailand was the second [9] . This Thailand's serious MDR-TB situation needs urgently management such as implementation of DOTS-Plus programmes. In 2006, Gandhi NR et al. firstly reported of XDR-TB co-infected with HIV/AIDS which had been studied in Kwazulu Natal, South Africa (KZN) [11] . XDR-TB epidemic in South Africa appears to be the primary mechanism through the acquisition of 63-75% of XDR-TB cases [11] whereas the strain of Mycobacterium tuberculosis infected among a large number of XDR-TB cases in KZN was F15/LAM4/KZN [11] . Generally, individual who is infected with Mycobacterium tuberculosis has approximately 5-10% lifetime risk of developing TB disease, but in an individual with HIV-infection/AIDS the risk is 5-15% a year [11] . This can contribute HIV-infection/AIDS to facilitate the control of outbreaks of MDR-TB and XDR-TB, although it has contributed to outbreaks of drug-resistant TB [17] . The patients with MDR-TB and HIV/AIDS co-infection will have exceedingly high mortality [16] . Gandhi NR et al. recently reported their study on risk factors for mortality among MDR/XDR-TB patients with HIV/AIDS co-infection which revealed that 80% of XDR-TB patients died whereas 63% of MDR-TB patients were dead following the diagnosis [18] . The CD4-T cell count less than 50 cells/mm 3 was the strongest independent factor for mortality among both patient groups [18] . History of TB treatment is the most significant predictor of development of MDR-TB [19] . High prevalence of HIV/AIDS co-infection and inadequate resources for case detection and management have contributed to the emergence of untreatable XDR-TB [20] . Unfortunately, the presence of XDR-TB in non-HIV-infected patients with MDR-TB is independent poor prognostic factors [11] . Prevalence of XDR-TB is globally accounted for approximately 5.4% of MDR-TB prevalence [21] . Drug-resistant TB and drugresistant gram-negative bacterial infection and disease are associated with the most serious health problems in developing countries [22] . Estimated 81,000 patients with MDR-TB (18.4% of the estimated MDR-TB patients worldwide in 2011) live in the 53 countries of the WHO European Region [23] . This European MDR-TB problem contributed to launching of a new WHO Regional Office for Europe Action Plan to fight MDR-TB to contain the spread of drugresistant TB in the region by the end of 2015 [23] . The new action plan set the targets to be achieved by the end of 2015, are : 1) decreasing 20% of the proportion of MDR-TB cases among previously treated patients 2) diagnosis of at least 85% of the estimated MDR-TB cases and 3) treating successfully at least 75% of notified MDR-TB cases [23] . If this plan is fully implemented and expected, by 2015, to successfully treat 127,000 MDR-TB cases, and to prevent the emergence of 250,000 new MDR-TB cases and 13,000 new XDR-TB cases [23] . This would interrupt the transmission of MDR-TB and save 120,000 lives in this region [23] .
2000 have been firstly initiated at tertiary care hospitals in northern Thailand. Data collecting on MDR/XDR-TB control has been tracked through the special project paper-based recording and reporting systems set by the 10 th Zonal Tuberculosis and Chest Disease Centre which separated from the routine DOTS recording and reporting systems. Currently, a new computer programme has been developed by staff of this centre to efficiently record and report the MDR/ XDR-TB data in the area of northern Thailand and attempt to gradually extend the use of this computer programme throughout the country.
Presumptive diagnosis of MDR-TB
The Thailand' s 2012 National Tuberculosis Management Guidelines [24] set the criteria for probable or suspected MDR-TB, are : 
Laboratory investigations for MDR-TB
Several plans have been announced for the WHO Stop TB Department to collaborate with the Foundation for Innovative New Diagnostics (FIND) to initiate and introduce rapid-culture technology and new rapid drug-resistant tests in the southern African countries and the world including the international standards for the second-line drug-susceptibility testing [11] . The Thailand' s 2012 National Tuberculosis Management Guidelines [24] set the laboratory investigations for MDR-TB which are direct acid-fast bacilli (AFB)-sputum smear examinations with sputum culture and drug susceptibility testing (DST). For reduction of the diagnosis time for unrecognized drug-resistant TB, new rapid diagnostic technologies for drug resistance from sputum smear or positive culture for smear-negative and extra-pulmonary TB must be prioritized [10] . All TB control programmes in moderate-and high-MDR TB prevalent settings should consider the promotion of culture and DST including implementation of use of algorithms for the diagnosis of pulmonary and extra-pulmonary TB [10] . Rapid DST is preferred to the conventional DST due to 1-2 days of resulting. Recently, the 2011 WHO Guidelines recommends " Xpert MTB/RIF ® " and line-probe assay which are new molecular diagnostic technologies and can detect drug resistance to both isoniazid and rifampicin or only rifampicin [24] , but their disadvantage is inability to detect the resistance to every drugs used in MDR-TB treatment for detecting probable XDR-TB, required expertise and expensive technologies/equipments which limit their wider uses [25] . The conventional DST takes 1-3 months of the results that take markedly longer than the new molecular methods and is laborintensive [24] . Other alternative phenotypic methods based on the Mycobacterium tuberculosis metabolism such as CO2 (carbon dioxide) production, oxygen uptake, ATP (adenosine triphosphate) bioluminescence, etc. have been experimented and demonstrated promising in overcoming this obstacle of longer time resulting [25] . These methods also have impressive sensitivity and specificity compared to the conventional DST [25] . Currently, molecular line probe assays and automated liquid culture systems are recommended by the WHO as the gold standard for the first-line and second-line DSTs. Liquid culture DST has been demonstrated to have relatively good reliability and reproducibility for aminoglycosides, fluoroquinolones, and polypeptides for detecting XDR-TB [26] . However, liquid culture DST for other secondline drugs such as para-aminosalisylic acid, linezolid, clarithromycin, amoxicillin-clavulanate, cycloserine, clofazimine, terizidone, ethionamide, and prothionamide is not recommended by the WHO [26] . A recent study reported the use of spoligotyping and sequence 6110 restriction fragment length polymorphism insertion analysis of genomic DNA which demonstrated that MDR-TB cases (74.0%) were more likely to be identified in clusters than anti-TB drug susceptible cases (33.6%) [27] . Xpert MTB/RIF assay recently has been introduced which meets the requirements of effective diagnosis of pulmonary TB as the following : allowing detection of both the Mycobacterium tuberculosis complex and resistance to the principal anti-TB drugs, especially rifampicin (RIF or R), availability on a global scale with standardized-easy use and robust diagnostic tools recently has been introduced [28] . This assay is a nucleic acid amplification test for detection of rifampicin resistance-associated mutations of the rpoB gene and Mycobacterium tuberculosis complex DNA in sputum [28] . It can be designed for use with other systems to automate and integrate sample processing, nucleic acid amplification, and detection of target sequences using reverse transcriptase polymerase chain reaction (PCR) and real-time PCR [28] . .2% in AFB-smear negative cases at one-time smear staining of the specimens, and increases to 80% when is performed three times [28] . This test provides the results within two hours and requires minimal training of the laboratory workers [29] . The limitations of the test are requirement of a consistent source of electricity that will limit its use outside of the settings where a regular electric power supply can be guaranteed, its expensive cost of the instrument, and cost per test cartridge [29] . Mishra B et al. used the automated BACTEC 460 TB system in study the emergence of drug-resistant TB at an urban tertiary care hospital in South India which revealed that 37.2% were MDR-TB isolates whereas 42% of the pulmonary Mycobacterium tuberculosis isolates and 20.4% of extra-pulmonary isolates were MDR [30] . Phenotypic and genotypic detections of anti-TB drug resistance are described as the following [31-49]:
Phenotypic detection 1.1 Slide DST
This method has less equiptment, suitable for decentralization, 93% rifampicin susceptibility at 88% predictive value of resistance.
Mycobacteria Growth Indicator Tube (MGIT) Systems
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This test has sensitivities of 100% for rifampicin, isoniazid, ethambutol and streptomycin, specificity of 100% for rifampicin, 97.7% for isoniazid, 98.0% for ethambutol and 89.8%% for streptomycin.
Microscopic observation broth-drug susceptibility assay (MODS)
This method has sensitivity of 72.7% and specificity of 99.7% for rifampicin, 72.6% and 97.9% for isoniazid, and 77.8% and 99.7% for MDR-TB.
Mycobacteriophage-based method
Commercial FASTPlaque assay (FASTPlaque TB test and FastPlaque TB-
RIF TM (rifampicin DST) (Biotech Labs Ltd, Ipswich, UK))
This test has sensitivity and specificity of 31.2% and 94.9%, respectively in all anti-TB drugsusceptible and resistant TB patients, sensitivity and specificity of 33.3% and 93.9%, respectively in all anti-TB drug-susceptible and resistant TB patients with HIV-infection/AIDS.
Fluoromycobacteriophage assay (Figures 2, 3)
This method has 94% sensitivities for rifampicin and isoniazid and 98% sensitivity for streptomycin and specificities of 97% for isoniazid, 95% for rifampicin, and 98% for streptomycin (resazurin microplate technique), sensitivity of 94% for all three anti-TB drugs (rifampicin, isoniazid, and streptomycin) (EGFP-phage technique) and specificities of 93% for rifampicin, 90% for isoniazid and 95% for streptomycin (EGFP-phage technique).
Luciferase reporter phage assay
This test has 100% sensitivity and 89-100% specificity for culture isolates.
Nitrate reductase assay
This method has sensitivity and specificity of 100% and 100% for rifampicin, 93% and 100% for isoniazid, 76% and 100% for streptomycin, and 55% and 99% for ethambutol, respectively.
Microcolony method (Thin-layer agar (TLA) method)
This test has sensitivities and specificities of 100% for both rifampicin and ofloxacin, and sensitivity of 100% and specificity of 98.7% for kanamycin, 100% overall accuracy for rifampicin and isoniazid resistance.
Colorimetric redox indicator methods
This method has sensitivities of 100% for rifampicin, ofloxacin, kanamycin and capreomycin and 99.1% for isoniazid, specificity of 100% for rifampicin, isoniazid, ofloxacin and kanamycin, and 97.9% for capreomycin, overall accuracy of 98.4% for rifampicin, 96.6% for isoniazid, 96.7% for ofloxacin, 98.3% for kanamycin and 90% for capreomycin.
Genotypic detection (Nucleic Acid Amplification)
Line-probe assay (LPA)
INNO-LiPA Rif.TB® assay (Innogenetics, Ghent, Belgium)
This test has higher than 95% sensitivity and 100% specificity, sensitivity of 82.2% and specificity of 66.7% for MDR-TB detection.
GenoType® MTBDRplus kit (Hain Lifescience, Nehren, Germany)
This method has nearly 91% sensitivity for MDR-TB, possibly detects rifampicin and isoniazid resistance and confirms TB infection simultaneously.
Genotype MTBDRsl assay
This test has ethambutol, 89% sensitivity for ofloxacin, 87% sensitivity for capreomycin, 75% sensitivity for amikacin.
Real-time PCR
This technique has sensitivity of 89% and specificity of 99% (molecular beacons), overall sensitivity of 98-100% with 72% sensitivity in smear-negative specimens and specificity of 100% for Xpert MTB/RIF assay (Cepheid Xpert MTB/RIF®, Sunyvale, CA).
PCR sequencing
This technique has sensitivities of 96.7% for rifampicin-resistant isolates (rpoB gene), 64% for isoniazid-resistant isolates (katG gene) and 70% of ofloxacin-resistant isolates (gyrA gene) (PCR pyrosequencing).
DNA Microarrays (DNA biochip)
This technique has specificity of 97% and 95% for rifampicin, 91% and 60% for isoniazid, 96% and 67% for kanamycin, 93% and 73% for streptomycin, and 98% and 89% for ethambutol, respectively, simultaneous detection of multiple genetic sequences (oligonucleotide microarray).
Although genotypic methods have potentially fastest results, the massive cross-contamination is still the main risk. To prevent its, strict internal controls, special technique, and separation of working areas are required. The reproducibility of the results of the Xpert MTB/RIF assay under actual field conditions, the strength of the laboratories, and the manner and extent of its introduction are the impact of this new assay. The sources of error for genotypic methods are incomplete coverage of rifampicin-resistance gene-core region and mixtures (multiple mutations, wild-type strain/emerging mutant) and silent mutations. These sources of error may contribute to 1% false-resistant and 5% false-susceptible results [31] .
Schematic representation of phAE87 : hsp60-EGFP construction. Shuttle phasmid phAE87 is a conditionally replicating derivative of phage TM4 in which the cosmid moiety is flanked by Pac I restriction sites. A plasmid derivative of pYUB854 containing the EGFP gene (pMP14) was used to replace the cosmid in phAE87 followed by lambda packaging and recovery in E. coli. 
Radiological features in patients with MDR/XDR-TB
A recent study in South Korea showed 100% of lung nodules, 60% of lung consolidation, and 47% of lung cavities that were mainly located in the upper and middle lung zones in XDR-TB patients whereas less frequent lung nodules and ground-glass opacity lesions were found in XDR-TB patients compared to the patients with anti-TB drug-susceptible pulmonary TB [50] . More frequent multiple lung cavities, lung nodules, and bronchial dilatation were found in both MDR-TB and XDR-TB patients compared to the patients with anti-TB drug-susceptible pulmonary TB [50] . There was no different radiological findings between MDR-TB and XDR-TB patients [50] . Another recent study in South Korea revealed that micronodules and tree-in-bud appearance were found in 100% of the pulmonary XDR-TB patients whereas lung consolidations, lung cavities, bronchiectasis, lobar consolidations were found in 85%, 85%, 80%, and 70%, respectively [51] . This study showed a significantly larger extent of tree-in-bud appearance and lung consolidations compared to the MDR-TB patients [51] . In childhood patients, chest radiological features at the time of diagnosis demonstrates lobar opacification, intrathoracic lymphadenopathy, particular hilar lymph nodes, and airway narrowing [52] . Chest radiological features of three patients with MDR-TB who attended the 10 th Zonal Tuberculosis and Chest Disease Centre, Chiang Mai, Thailand are shown in the Figure 4 
Regimens used in treating patients with drug-resistant tuberculosis
A recent study on MDR-TB treatment revealed that use of later generation quinolones (moxifloxacin, gatifloxacin, sparfloxacin, levofloxacin), ofloxacin or ethionamide/prothionamide, use of four or more likely effective drugs in the initial intensive phase, and three or more likely effective drugs in the continuation phase was associated with the treatment success compared to the treatment failure or relapse [53] . The duration of initial phase up to 7.1-8.5 months and the total duration of treatment up to 18.6-21.5 months increased the chances of treatment success [53] . In 2011, the WHO recommended the regimens containing a fluoroquinolone, pyrazinamide, ethionamide (or prothionamide), para-aminosalicylic acid (or cycloserine), and a second-line injectable drug with more than 20 months of treatment duration [54] . [56] . Four cases with laboratory-confirmed MDR-TB emerged as XDR-TB during treatment [7] . A previous study on outcomes of a daily supervised-MDR-TB treatment regimen which consisted of initial phase of 6-9 months with kanamycin, ofloxacin, cycloserine, ethionamide, ethabutol, and pyrazinamide demonstrated that in cases of persistent culture positive at fourth month, the initial phase was extended for additional 3 months. Then ofloxacin, cycloserine, ethionamide, and ethambutol were continued for 18 months [57] . The results of the study revealed that 82% of cases demonstrated time to culture conversion at the second month or before. The culture conversion rates at third month and sixth month were 84% and 87%, respectively. The cure rate was 66%. At 24 months, 79% of the patients remained culture negative for more than 18 months. Adverse drug reactions were reported among 58% of cases and 2 failure cases emerged as XDR-TB during treatment [57] . A recent study on comparison between traditional hospital-based treatment-model of MDR-TB patient care and communitybased model in rural areas of South Africa revealed that median times to starting the treatment and sputum smear conversion were shorter for community-based model (84 days versus 106.5 days and 59 days versus 92 days, respectively) [58] . Lack of sputum culture conversion at month 9 was a predictor of pulmonary MDR-TB treatment failure with 84% of sensitivity and 94% of specificity [59] . A recent study by Dheda K et al. demonstrated that the number of XDR-TB deaths was not significantly different compared between patients with and without HIV co-infection [60] whereas Well CD recently reported that lower cure rates and higher death rates were found in MDR-TB patients with HIV co-infection compared to the patients without HIV co-infection [61] . Survival of XDR-TB patients with HIV co-infection was associated with absence of biomarkers indicative of multiorgan dysfunction, less advanced stage of both diseases at time of diagnosis, and antiretrovirals provision [62] . Previous culture-proven MDR-TB, number of drug used in a MDR-TB treatment regimen, and treatment with moxifloxacin were independent predictors of death [60] while some previous reports showed that treatment success rates were poor (30-50%) in XDR-TB patients with HIV co-infection [63] and the MDR/ XDR-TB prevalence was substantially precipitated by the HIV epidemic [64, 65] . In children with MDR-TB, the treatment guidelines are the same principles, using the same drugs as in adult patients with strict and prolonged supervision by expert pediatricians [66] . HIV coinfection are particular challenges and requires early starting of antiretroviral therapy with careful monitoring for drug-adverse side-effects [66] . Children with close contact with MDR-TB patients should be tested with tuberculin skin testing or interferon-gamma release assays, direct AFB-smear examinations, cultures, and DST and taking the chest radiological examinations [24] . Cases with close contact should be at least 2-year followed up [24] . If they are diagnosed MDR-TB, they must be treated with the empirical MDR-TB regimen [24] . Empirical MDR-TB treatment regimen is not recommended for MDR-TB chemoprophylaxis [24] . MDR-TB chemoprophylaxis for children with at least 2 second-line drugs for 6-12 months and reflecting the susceptibility profile of the source case' s isolate with daily supervision should be considered [52, 67] . The knowledge of mechanisms of the second-line drugs for children is necessary for ensuring the treatment adherence and long-term control of the disease.
A previous study on the second-line drug susceptibility among 40 Currently, in Thailand, patients with persistent AFB-smear and/or culture positive after completeness of MDR-TB treatment will be prescribed isoniazid alone for lifelong while no standardized treatment is recommended yet. Types of patients with MDR-TB, patient monitoring during MDR-TB treatment and assessment of sputum conversion, and classification of treatment outcomes are shown in the Table 1 , 2, and 3, respectively [24] .
Type Description
New case patient who does not take any anti-TB drugs before or take any anti-TB drugs less than 1 month duration and the DST results show resistance to at least rifampicin and isoniazid Results of 2 consecutively direct-AFB-smear negative and culture negative with 30-day intervals will indicate sputum conversion. Mostly, patients with sputum conversion will converse the positive to the negative results within the first 6month of treatment duration.
Chest radiological examinations will be performed at month : 0, 3, 6, 12, and 18. 
Patient monitoring after completeness of the MDR-TB treatment [24]
For assessment of the MDR-TB relapse rate, direct AFB-smear examinations and cultures are performed and assessed every 3 months in the first 6-month completeness of treatment and 
Guidelines
Transfer out partially MDR-TB treated patient with referring from (Transferring out) one setting to another setting with unknown treatment outcomes will be registered as " Transfer out " Table 3 . Classification of treatment outcomes [24] 
MDR-TB management and treatment outcomes in Thailand between 2007-2009
The prevalence of laboratory-confirmed MDR-TB was 0.08%. Highest prevalence (0.21%) was found in the central part of Thailand. MDR-TB was mostly diagnosed and treated at the secondary care settings or general hospitals (31.5% and 31.14%), 24.3% and 25.08% of cases were diagnosed at the tertiary care settings and only 6.9% and 6.7% of the patients were diagnosed at the university hospitals, respectively [9] . The majority of the patients (63.82%) were registered as " after failure of the first-TB treatment " [9] . In Thailand, numbers of the secondary care settings or general hospitals are more than that of the tertiary care hospitals, this may reflex the above figures. Only 33.5% of cases were referred to the well-facilitated setting for directly observed treatment (DOT) [9] . Only 60.6% of MDR-TB cases were prescribed 4 oral second-line drugs and an injectable aminoglycoside drug [9] which recommended by the Thailand' s 2012 National Tuberculosis Management Guidelines while the rests were prescribed various treatment regimens [24] . Only 57.5% of cases had completed treatment adherence [9] . Low DOT implementation can contribute to high default rates, high treatment failure rates, high death rates, and low cured rates. There was 24.2 % of patients with com-pleteness of treatment, 29.1% cured, 20.5% default, 2.2% treatment failure, and 21.5% died [9] . Treatment failure and treatment default rates were higher among new case compared to the patients with previous TB treatment whereas higher death rates were found among the patients with previous TB treatment. This could be due to inadequately strict-and intensivehealth education provision to the new cases and more severe disease at the time of diagnosis among the patients with previous TB treatment. Only 27.5% of cases with completed treatment were followed up more than 2 months [9] .
A recent study in South Korea revealed that the treatment regimen was individualized based on the history of anti-TB drugs taken by the patient and the most DST result [69] . Three to seven anti-TB drugs were self-administered except injectable drugs during hospitalization [69] . Injectable drugs were prescribed for 6-7 months [69] . The total treatment duration was at least 18 months after sputum culture conversion [69] . If the medical treatment was expected to fail or had failed in patients with localized lung cavities, or bilateral lesions and anticipated adequate postoperative lung function, surgical resection was considered [69] . The treatment outcomes showed that 37.1% of patients had treatment success, and 4.5% of them died of all causes during the 3-4 years after treatment initiation [69] . The independent predictors of allcause mortality were age, history of MDR-TB treatment, XDR-TB, and prothionamide resistance [69] . Currently, there is no DOTS programme implementation in South Korea [69] while Thailand has been implemented several years ago, but the treatment outcomes were better than that of Thailand [9, 69] . These different results of both projects should be intensively investigated and explained. Kliiman K et al. recently demonstrated that predictors of poor treatment outcomes in MDR-TB were previous TB treatment, ofloxacin resistance, positive-AFB smear, and HIV-infection/AIDS [70] .
The criteria for capacity of establishment of the specialized MDR-TB centre that recommended by the Thailand' s 2012 NTP guidelines [24] are as the following : 1.authorized persons' recognition of the MDR-TB threats 2.good laboratory networks and good patient-referral system 3.good DOT system, and 4.consistently continuous care for MDR-TB patients. [71] . Treatment outcomes revealed that 60.4% of patients were cured or completed treatment [71] . This study is currently the up-to-date information of XDR-TB treatment. Positive AFB-smear, and urban residence could be predictors of poor treatment outcomes in XDR-TB [70] . For patients with mono/poly-resistant drug (s) TB, the recommended treatment regimens are shown in the Table 4 (13) .
XDR-TB treatment
Mono/Poly-resistant Drug (s) Regimen
Rifampicin mono-resistance initial 2 months of isoniazid, pyrazinamide, and ethambutol, and followed by 
MDR/XDR-TB treatment-pipeline agents or compounds in clinical trials and related innovative researches
Currently, drugs in phase III clinical trials are moxifloxacin, gatifloxacin, and meropenem [72] . Heteronemin, nephalsterol, litosterol, and kahalalides are other interesting compounds which are in pre-clinical stage [72] . Okada M et al. conducted a study on granulysin and a new DNA vaccine against MDR/XDR-TB and revealed that agglutinating virus of Japan/Heat-Shock-Protein65DNA+Interleukin-12-12DNA vaccine provided strong therapeutic efficacy in killing MDR/XDR-TB bacilli in mice and monkey models [73] . A recent experiment using MDR-TB monkey models which received normal and genetically altered Bacilli Calmette Gue′rin (BCG) vaccines demonstrated that these 2 groups of monkeys survived well compared to the control group [74] . Another study in XDR-TB mice model showed ability of interleukin-7 to kill the bacilli [74] .
Totally drug-resistant tuberculosis
Totally drug-resistant tuberculosis (TDR-TB or XXDR-TB) was recently defined as TB bacilli which resist to all first-line and the 6 second-line drugs (para-aminosalicylic acid, fluoroquinolones, aminoglycosides, thiamines, polypeptides, and cycloserine) [75] . Meanwhile, a recent report from the US-CDC listed 7 challenges that should be addressed before new terminology of TDR-TB should be considered for adopting [76] , following are the challenges:
1. The definition should not hinge on resistance to all drugs tested, because the number of drugs tested varies widely between laboratories.
2.
In vitro testing data suggest cross-resistance among different drugs within a class of drugs or closely related classes of drugs (e.g., polypeptides and aminoglycosides) is not 100%.
3.
Research and reference laboratories in many countries do not test for resistance to the third-line drugs (linezolid, thioridazine, other phenothiazines, monobactams (meropenem, imipenem), macrolides, metronidazole and other imidazoles, clofazimine, and amoxicillin/clavulanic acid).
4.
DST for several anti-TB drugs is not sufficiently reliable or reproducible; retesting the same isolate provides a different result in many cases.
5.
There are several new anti-TB agents in development pipeline that will be prototypes for new classes of antimycobacterial drugs or add new chemical entities to existing class.
6.
Avoiding the unintended implication that patients with TDR-TB should not or cannot be treated.
7.
Global laboratory capacity for DST of Mycobacterium tuberculosis isolates remains limited [75] . Two cases of TDR-TB with controversies of terminology and treatment occurred in 2003 in Italy and firstly reported in 2007 [77] . Currently, in Thailand, patients with all anti-TB drug-resistance will be prescribed isoniazid alone for lifelong whereas no standardized treatment is recommended yet. During 21-22 March 2012, the WHO had convened a technical consultation to discuss the feasibility and implications of a definition to cover more advanced patterns of TB resistance than XDR-TB [78] . The WHO concluded that reports of severe patterns of anti-TB drug resistance ( worse than XDR-TB alone) are increasing whereas a new definition of anti-TB drug resistance beyond XDR-TB is not recommended [78] . This undefined resistance patterns contributed to technical difficulties with DST of several anti-TB agents, the lack of standardized DST methods for several present and new investigational drugs, and insufficient evidence to link such DST results to patients' treatment outcomes [78] . No DST methods for group 5 and new investigational agents currently exist [78] . Molecular DST for the second-line drugs cannot yet replace phenotypic methods [78] . Collaboration between the national TB control programme, Ministries of Public Health, and the pharmaceutical companies will be required to resolve the limitations of treatment options by the compassionate use of new anti-TB agents [78] . The WHO will be the lead in ensuring that better patient data provide a more robust information for future policy decision [78] .
Conclusion
As countries are purchasing and using second-line drugs, the likelihood of misuse and developing of TB-resistant strains increases. Currently, WHO and its partners have reached the phase of expanding MDR-TB control as a component of a comprehensive TB control programme. Launching in 2002, the Global Fund to Fight AIDS, Tuberculosis and Malaria (GFATM) expected that requests for second-line drugs for MDR-TB management should go through the Green Light Committee to prevent their misuse. The number of Green Light Committee-approved MDR-TB control programme is increasing rapidly as a result of main streaming of MDR-TB management into general TB control efforts. Expanding projects and accelerating evidence gathering are essential to further develop international policies. The TBendemic countries themselves and the ability of the technical agencies, as well as the donor community are the factors of future success to expand MDR-TB control programmes.
